To improve the water quality and alleviate the eutrophication of Lake Yangchenghu, the third largest freshwater body within the Lake Taihu basin in China and an important source of drinking water, nutrient reduction strategies should be urgently addressed by decision makers, since virtually no improvement of water quality has taken place since the mid-1990s. Due to the lack of sufficient observation data and simulation results, a vertically compressed three-dimensional numerical model, the EcoTaihu model, was used to study the impact of three restoration measures on the water quality-namely, total nitrogen (TN), total phosphorus (TP) and biomass of phytoplankton (BP)-of Lake Yangchenghu: (i) total nutrient reduction, (ii) intensification of flushing by water transfer, and (iii) spatial adjustment of inflow channels. In particular, the spatial effects of the three restoration measures on the water quality were investigated. The results showed that the EcoTaihu model is applicable to other shallow lakes in China. The water quality responses to the different restoration scenarios showed significant spatio-temporal differences. The reduction of nutrient loads from inflows appeared to be the most effective measure for controlling the eutrophication and algal blooms in Lake Yangchenghu. The effectiveness of water transfer on the improvement of water quality for TN and TP was more influenced by the differences of nutrient concentrations between the transferred water and lake water, rather than flow rate, since no proportionate increase of improvement was observable in the case of larger transferred rates (60 m 3 s −1 ). The spatial narrowing of inflowing rivers in the southwestern lake could preferentially improve the water quality in the southern bay of the western lake, but would also result in a deterioration trend of water quality in the total lake and drinking water abstraction areas.
Introduction
Lake eutrophication is one of the major global water pollution problems, which is caused by the excessive loading of nutrients, mainly nitrogen (N) and phosphorus (P), into the water bodies [1] [2] [3] . Excess nutrient loadings lead to the rapid production of phytoplankton and corresponding deterioration of water quality. In the worst case, algae blooms will break out and a reliable supply of drinking water is threatened. Therefore, urgent and effective engineering measures are required to prevent and control eutrophication [4] . The N and P available in the lake water can be decreased by reducing import, increasing retention in the sediment, or increasing export. Restoration * Retention (%) = (total loads input-total loads output)/total loads input*100. (-) means the same with upper contents. Data source: a , this study; b , Song et al. [30] .
Models are useful tools for scientific research and lake management [31, 32] . In the past decades, a number of dynamics models, such as Finite Volume Community Ocean Model (FVCOM) [33, 34] , Environmental Fluid Dynamics Code (EFDC) [35] [36] [37] [38] [39] , Western Lake Erie Ecosystem Model (WLEEM) [20] , PCLake [40, 41] , AQUATOX [42, 43] , Water Quality Analysis Simulation Program (WASP) [19, 44] , Eutrophication Ecosystem Model (EEM) [45] , or Simulation by means of an Analytical Lake Model (SALMO) [46] have been developed and applied in quantifying the water quality responses to external loading, restoration efforts, and future decision making. Such models help to understand the responses of lake ecosystems to nutrient loads reduction and water transfer, and provide quantitative assessment of the eutrophication status. For example, Liu et al. [39] suggested that watershed nutrient loading had the greatest effect on the water quality of Lake Dianchi among the three driving forces: watershed nutrient loading, variations in transferred inflow water, and water level fluctuations. Hu et al. [47] indicated that water diversion could have a clear improvement on the Chl-a concentration in Lake Taihu. Apparently, the efficiency and costs of different lake management or restoration measures should be assessed using modeling before implementation.
In the present study, an application of the EcoTaihu model was used to assess the alternative management measures of eutrophication control in Lake Yangchenghu. EcoTaihu is a three-dimensional hydrodynamic and water quality model that has been successfully used to simulate water quality dynamics [48, 49] , forecast algae blooms, evaluate self-purification capacity [50] , and assess the effects of water transfer [47] . The main objectives of this paper were to: (i) recalibrate the EcoTaihu model with the field data sets collected in Lake Yangchenghu; (ii) investigate the influences of three kinds of external measures (reduction of total nutrient loads, flushing by water transfer, and spatial adjustment of inflow tributaries) on water quality variables; (iii) derive recommendations for effective eutrophication control measures in drinking water abstraction areas as well as for the whole of Lake Yangchenghu.
Methods

Study Area
Lake Yangchenghu (31 • 21 -31 • 30 N, 120 • 39 -120 • 51 E), the third largest freshwater lake in the basin of Lake Taihu is located in Suzhou, China ( Figure 1 , Table 1 ). The lake consists of a western part with water depths of around 1.7 to 2.5 m, and a central and eastern part with water depths of around 1.5 to 3.0 m. The lake volume is 2.36 × 10 8 m 3 , and the mean depth is 2.43 m. It receives nutrient-rich discharges from the rivers in the west and northwest, and most outflows are located in the east and southeast of the lake. The concentration of mean organic matter in February 2016 was higher than the mean value in January 2009 [30] . The lake water was weak alkaline over the entire year. Among the inflows, the Baidang, Litanghe, Jimintang, and Shengtanggang rivers ( Figure 1 ) contribute more than 80% of the total yearly inflow volume, and the Baidang River contribute about 33% of water volume and 45% of nutrient loads from inflow rivers. In the northeastern part of the lake, the Qipu River is used for water transfer from the Yangtze River to Lake Yangchenghu. The spatial location of inflows and outflows usually induces a west-to-east current in the lake, and shows a slightly worse water quality in the western lake than the central and eastern lake [23] .
The channels of water transfer 
Water Sample and Meteorological Data Collection
Water samples from the thirteen sites in lake water, inflows and outflows were collected monthly from June 2015 to May 2016. W1-W3 locates in the western lake, C4-C6 locates in the central lake, and E8-E13 locates in the eastern lake ( Figure 1 ). Two liters of mixed water samples at 10 cm, 30 cm, and 50 cm below the water surface at each site were collected by a polyethylene water sampler and stored at 4°C before being analyzed for nutrients in the laboratory. Seven out of these thirteen sites were selected for the measurement of dissolved oxygen (DO) and the analysis of chlorophyll a (Chl-a). A 200 ml complete mixture of the water samples from the different water layers at the seven sites selected was filtered through GF/C glass fiber filters (ø1.2 µm, Whatman, Amersham, UK). The filters were then used to determine Chl-a level, which represents phytoplankton biomass. The Chl-a on the filters were extracted with hot ethanol [51] , and determined using a spectrofluorophotometer under the wavelength of 665 nm and 750 nm (RF-5301PC, Shimadzu Corporation, Kyoto, Japan). The raw water samples and the water samples of the thirteen sites were used to determine the concentrations of TN and TP. Prior to the measurement of TN and TP, the quantitative volume of raw water from the different sampling sites was digested using potassium persulfate. The concentrations of TN and TP were measured according to the method provided by Jin and Tu [52] . Dissolved oxygen (DO) was monitored in situ at the seven sampling sites selected using a water quality sonde (YSI-6600V2, Yellow Spring Instruments, OH, USA). The boundary conditions for the model were taken as follows: input and output discharge of tributaries were monitored in situ with portable flow meter (SonTek, RiverSurveyor M9, SonTek, San Diego, CA, USA) monthly, and then linearly interpolated into daily data. Meteorological time series, including wind velocity and direction, precipitation, evaporation, and radiation data, were obtained from the meteorological stations in the vicinity of Lake Yangchenghu.
Model Description
EcoTaihu is a vertically compressed, three-dimensional, structural dynamic model, in which some eco-physiological functions can provide forecast to changes in the ecosystem structure [31, 53, 54] . The EcoTaihu model successfully couple hydrodynamics, nutrient cycling, and food chain networks into one coherent framework [48, 49] . The model comprises three main modules and several sub-modules [48, 55] . The first module is a relatively independent hydrological module. The second one is a food chain network module, including fish, zooplankton, organic detritus, algae, and aquatic macrophytes. The third one is the material transform and transport module, including dissolved oxygen, nitrogen, and phosphorus transport. The structure of the model is schematically depicted in Figure 2 . Specifically, the initial field mainly includes the initial nutrient concentrations and the external input conditions at the beginning of the calculation. The boundary conditions indicate the inflows and outflows location, the variance of the lake water surface, and the friction between the sediment and the lake water at the bottom layer. External functions include inflow and outflow water discharge, nutrient loadings, precipitation, evaporation, wind speed, and wind directions, and so on. Parameter set denotes the setting of the coefficients and parameters in the hydrodynamic equations and material transportation equations; the parameters used in EcoTaihu model are in Appendix Table 1 . Data assimilation denotes the input data substitution by the data of the next time step. An earlier version of EcoTaihu model was tested against measurements of TP, TN, DO, Chl-a, ammonia nitrogen (NH 4 + -N), nitrate nitrogen (NO 3 − -N), and phosphate phosphorus (PO 4 3− -P) from monitoring results of 33 sampling sites in Lake Taihu and showed a good agreement with the observations [48] . Then, it was expanded to include carbon cycling in the lake, and the output showed that the lake water was a source of atmospheric carbon dioxide [49] . After that, it was improved by adding an extra layer of the algae bloom without a geometric thickness to describe the process of algal scum formation and movement, and it has actualized a short-term forecast of algae blooms for 3 to 5 days [55, 56] . With the entire EcoTaihu model, Hu and his colleagues have studied the benefits of the water diversion project from Yangtze River into Lake Taihu [47] and simulated the amount of N and P removed from the lake water [50] .
The EcoTaihu model applied in Lake Yangchenghu contained 11,347 active grid cells in the horizontal plane with a uniform grid size of 100 m, a time of step 10 s for the hydrological module, and 100 s for biological modules. The calculation period was from 1 June 2015 to 31 May 2016, which covered the variation of water quality in four seasons. For convenience, the external rivers were conceptualized into 40, which included most of the major channels, natural or engineered, including 24 influent rivers and 16 effluent rivers. A vertical sigma coordinate with five evenly distributed vertical layers was applied to better simulate the bottom topography. The lake bed and water surface elevations were used to determine vertical cell thickness. The state variables considered in this study are total nitrogen, total phosphorus, and biomass of phytoplankton. Specifically, total nitrogen concentrations are the sum of ammonia nitrogen, nitrite nitrogen, nitrate nitrogen, detritus nitrogen, algae nitrogen, and zooplankton nitrogen. Total phosphorus concentrations are the sum of orthophosphate, detritus phosphorus, algae phosphorus, and zooplankton phosphorus. All the different forms of nitrogen, phosphorus, and biomass of phytoplankton are obtained from the data output in EcoTaihu model. We applied a trial-and-error method for model calibration and a parameter determination. Two quantitative fit criteria were applied in the model performance assessment: (i) an h index, which was used in Zhang et al. [57] , and (ii) a relative standard deviation (AR d ), which was used in Hu et al. [48] . They are calculated by Equations (1) and (2):
where C sim is the simulated value, C obs is the observed value, and n is the number of observed points. The results are considered as acceptable if 0 ≤ h ≤ 1 [57, 58] , and AR d is less than 45% [48, 59] . 
Scenarios Design
In 2013, some actions were taken by the People's Government of Suzhou to improve the multiple functions of Lake Yangchenghu. The various management measures mainly focused on guaranteeing the safety of drinking water and the reduction of the total pollutant emissions. Based on the recommendations of local administrative agencies, the restoration measures could be classified into three categories.
First, for the reduction of the total nutrients loading, five scenarios (S1-S5, see Table 2 ) were set for the daily external nutrient loads reduction, accomplished by adjusting only the tributary concentrations, but not flow. Additionally, dissolved oxygen concentration was increased in proportion to the loads reduction.
The second category was water diversion. The Qiputang River is a channel directly connected to the Yangtze River. Through three branches of the Qiputang River (Figure 1 ), Jie Qiao, Baiqugang Qiao and Nanxiao Qiao, the water of the Yangtze River could be transferred to the north of the central and eastern lake. TN and TP concentrations in the transferred water were set to 1.00 mg L −1 and 0.05 mg L −1 , according to the Grade III standard of surface water quality. Four scenarios (S6-S9, see Table  2 ) including different transferred time and flow rates were set in the present study to explore the optimal time and flows for its implementation.
The third category was the adjustment of the spatial distribution of the entrances of western influents. Since the location of drinking water abstraction is in the central and eastern lake (Figure 1 ), we analyzed whether closing some serious polluted tributaries in the western lake would improve the water quality of the total lake, and especially for the area of drinking water abstraction, since this measure could intensify the dilution of nutrients. Through setting three scenarios (S10-S12, see Table  2 ) and keeping the total nutrients loading the same as before, we explored how to arrange the western inlets and to what extent the water quality of the intake area would be improved. 
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Model Calibration
The results of the calibrated seasonal simulation in the state variables are presented in Figures 3-6 . The simulations agreed acceptably with the observations, where all of the h values were less than 1 ( Table 3 ). The AR d values were all less than 45% except for TP, indicating a relatively poor calibration for the total phosphorus (Table 3, Figure 4 ). The observation of TN in the western and central lake showed stronger change versus month than the eastern lake; the loads input from inflows may have an influence on this. The differences between simulations and observations of TN were small, but the simulated value did not capture some peaks in winter ( Figure 3) . As for TP, it varied quickly versus month compared with TN and BP (Figure 4 ). In general, the simulated results have the same trends with the observed values, going up in summer, and decreasing in winter. The BP concentration was more stable than the other state variables ( Figure 5 ), and slightly increased in summer and decreased in winter. This pattern was captured by the model, but the simulated seasonal variation was more exaggerated in the central and eastern lake. The simulated BP in the central lake (2.38 mg L −1 ) was higher than in the western lake (2.31 mg L −1 ) and eastern lake (1.89 mg L −1 ), although higher TN and TP concentrations prevail in the western area, indicating that the simulated results of BP was also influenced by other factors besides nutrient concentration, such as the advective transport by water currents. Finally, DO was also shown in the calibration results ( Figure 6 ). It experienced a strongly seasonal change, in which it decreased in summer and peaked in winter, opposite the water temperature. The mainly calibrated model parameters are shown in Table 4 . The other parameters can be seen in Hu et al. [48] . 
Results and Discussion
Loading Reduction
The time series plots of TN, TP, and BP for the scenarios S1-S5 in three sub-zones showed that the concentration of TN, TP, and BP gradually decreased in proportion to the nutrient reduction in the inflows (Figure 7) , and the effectiveness demonstrated clear spatial variability. Similar studies have been implemented in Lake Taihu and Lake Erie, although there were no results showing the effective differences in spatial variability, since they only analyzed mean data of the entire lake [20, 46] . For S3, the annual average concentrations of TN and TP decreased by 19%, 13% and 15% for TN, 21%, 20%, and 17% for TP in western, central and eastern lake, respectively. Obviously, the western lake experienced the highest improvement of water quality for both TN and TP, because most inflows enter the lake in the western part, while the annual average concentration of BP decreased by 10%, 17%, and 16% in western, central, and eastern lakes, respectively. Compared with TN and TP, the concentration of BP had the lowest improvement in the western lake although it was the most deteriorated area, and the most significant improvement appeared in the central lake. We interpret this finding as a result of the prevailing west-to-east water current: algae were quickly exported from the western into the central lake and the incorporation of nutrients into algal biomass therefore takes place in the central and eastern parts. Gui et al. [60] also suggested that the positive correlation between Chl-a and TN could only be observed in the dry season (May) in Lake Yangchenghu, and no correlation between Chl-a and TN or TP was detected in the flood season (October). The highest value of BP in Lake Yangchenghu could be monitored in the central lake during the flood season. 
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Water Transfer
The locations of input water entrances in Lake Yangchenghu influenced the effectiveness of water transfer by affecting the hydrodynamic process in different subzones of the lake. Compared with the baseline without water transfer, a notable reduction of TN, TP, and BP concentrations was observed in the central and eastern lake (Figure 9 ), simply because the transferred water entered the system through the central and eastern lake. A certain improvement of water quality could also be seen in the western lake, suggesting that water transfer is affecting the water quality in the whole lake. However, in Lake Chenghai, the sites corresponding to the entry point of water diverted have larger percentage of improvement in TN and TP than in others [61] . The effectiveness of water transfer also only existed in some specific areas in Lake Taihu [8, 47] . This phenomenon occurred because the transferred water made it impossible to cover all of the subzones evenly due to their large size [8, 47] . 
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The locations of input water entrances in Lake Yangchenghu influenced the effectiveness of water transfer by affecting the hydrodynamic process in different subzones of the lake. Compared with the baseline without water transfer, a notable reduction of TN, TP, and BP concentrations was observed in the central and eastern lake (Figure 9) , simply because the transferred water entered the system through the central and eastern lake. A certain improvement of water quality could also be seen in the western lake, suggesting that water transfer is affecting the water quality in the whole lake. However, in Lake Chenghai, the sites corresponding to the entry point of water diverted have larger percentage of improvement in TN and TP than in others [61] . The effectiveness of water transfer also only existed in some specific areas in Lake Taihu [8, 47] . This phenomenon occurred because the transferred water made it impossible to cover all of the subzones evenly due to their large size [8, 47] . In addition, the quantity of water being diverted had no significant effect on the improvement of water quality in this study. Obviously, there was no more noticeable improvement of water quality when the flow rate of the transferred water was enhanced to 60 m 3 s −1 (S7 and S9). It was reported that a volume of water of about 15% and 25% of the whole lake volume added to Lake Taihu in winter-spring 2002 and summer-autumn 2003 was able to clearly decrease the nutrient concentration by 40% in the southern and eastern regions of the lake in January-April 2002, and 20% in the northern and southwestern regions of the lake in August-November 2003, respectively [8] . The restoration of Moses Lake, Washington, U.S.A., by water dilution suggested that 126% of lake water volume (193.0 × 10 6 m 3 ) input in March-September 1977 could decrease TN, TP, and Chl-a by about 40%, 50%, and 40%, respectively [62] . In the present study, 135% of the lake volume transferred in autumn-winter could decrease the concentration of TP by 16.3%. About 219.0% of the lake volume transferred in winter-spring reduced TN and BP by 15.6% and 5.2% for the total lake. This water quality improvement in Lake Yangchenghu is a direct consequence of the water renewal by dilution.
Furthermore, the effectiveness of diversion could be strongly influenced by the concentration differences between the lake water and the inflow water. Notable water quality improvement after water dilution in 1977 and 1978 was observed in most areas of the lake, because the TN and TP concentrations in the diverted water were only 1/7 and 1/8 of that in lake water [62, 63] . In the present study, it was clear that the improvement of TP during the diversion of autumn-winter (October to December) was significantly higher than the transfer in winter-spring despite the relatively lower amount of transferred volume in latter period, while TN and BP experienced a higher improvement during the diversion in winter-spring (January-May). This phenomenon occured mainly because the higher concentration of TP in the autumn could be intensely diluted by the diverted water with lower TP. In contrast, TN and BP showed relatively higher values from January to May; water transfer in this period would inevitably contribute to the notable improvement of TN and BP. Accordingly, diversion had a lower impact on the improvement of parameters in other seasons mainly because the slight differences of parameter concentrations between the diverted water and lake water.
Entrances Adjustment of Tributaries
Eight sites were selected to investigate the responses of TN, TP, and BP in a specific area to the entrances adjustment of inflows (see Figure 10 ). Among them, E12, C6, and E7 represent the water quality of the existed drinking water source area and the proposed drinking water source areas, respectively (Figure 1) . Although it has been suggested that the degree of eutrophication of the lake depends on the spatio-temporal distribution of the external loads from the watershed via tributaries [64] , most research mainly focuses on the nutrient concentrations of the tributaries, instead of their spatial distribution. In Lake Yangchenghu, the TN and TP concentration decreased significantly at W3 and increased at W1 and W2 simultaneously in these three scenarios (Figure 10 ). Contrary to TN and TP, BP in the northern part of the western lake (site W1 and W2) showed an increase trend in the early stage, after impeding the southern tributaries entrances, which was mainly caused by the higher water flushing rate taking the algae from the northern part of the western lake to the southern part. This phenomenon also indicated that the short-term effect of adjustment tributaries entrances on the BP concentration happened by changing the hydrological processes, instead of the nutrient concentration. Most lake areas including drinking water source areas (site C6, E7, and E12) experienced a more deteriorated effectiveness of water quality because of the effect of hydrodynamic conditions. In scenario 12, TN, TP, and BP concentrations in the total lake increased by 2.06%, 9.90%, and 1.90%, respectively. As a whole, the narrowing of the inflowing rivers could not successfully improve the water quality of TN, TP, and BP in the area of drinking water source, it would only decrease the TN, TP, and BP concentration in the southern part of the western lake where pollutants input from Baidang River are transferred to other tributaries located in the northern part. 
Water Quality Response Comparisons between Restoration Measures
The effects of the 12 scenarios on TN, TP, and BP can be evaluated on basis of the relative and absolute changes in comparison to the baseline scenario (Table 5) . Overall, compared with the three kinds of restoration measures, the scenario of 50% external reduction of total nutrient loads (S5) had the most significant improvement of water quality, even the effect of scenario S3 (20% loads reduction) on the TN improvement was similar with the water transfer of 40 m 3 s −1 in winter-spring (S6). Spatially narrowing western tributaries into one inflow (S12) failed to improve the water quality of the lake water. In addition, the water quality parameters responded to the three restoration measures differently. Apparently, TP demonstrated the strongest improvement in the loads reduction scenarios, indicating that TP was more influenced by inflowing loads compared to TN. This phenomenon could be attributed to the different retention mechanics between N and P in lake ecosystems. As is commonly known, most retained TP in lakes is deposited into sediments. Assuming the amount of TP flowing out and deposition rates remain unchanged, the reduction of the inflowing loads of TP would inevitably lead to the corresponding reduction of TP concentration in the lake water. For TN, denitrification is also an essential retention process besides deposition, which could 
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Water diversion can be an effective measure to reduce eutrophication level of lakes, in which a large quantity of low-nutrient water is transferred to a eutrophic lake. Although the percentage of water quality improvement is small compared to 30% of total nutrients reduction in Lake Yangchenghu, the advantages of water transfer are that they are at relatively low costs, and show a quick response in nutrient reduction when suitable dilution water is available [8] . The implementation needs to account for several aspects. First, the improvement area of water quality would be limited to a certain region because of the lake size. As shown above, the introduction of Yangtze River water could significantly improve the water quality in the central and eastern lake. Second, it is essential to find a large amount of low-nutrient water for a certain period of time. We have found that a large difference in N and P concentration between inflowing water and lake water leads to a deeper water quality improvement. Third, the quantity, duration, and timing of water transfer should also be considered, all of which determine the costs and effectiveness. Comparing S6 (winter-spring, 40 m 3 s −1 ) with S8 (autumn-winter, 40 m 3 s −1 ) (Table 5 ), the improvement of TN and TP showed a big difference. However, the quantity of water transfer in this study was not essential as shown above.
Entrances adjustment of influents is a novel restoration measure. We assumed that this measure could play a role in the water quality in the southern part (drinking water source) mainly through enlarging the self-purification of nutrients in the lake. Spatial adjustment of industries and populations to improve water quality has been studied in Lake Dianchi [67] . However, in shallow lakes, which are the most common lake type in China, no one has studied spatial adjustment of inflowing rivers, especially using 3-D modeling method. According to the results in the present study, impeding one main inflow would definitely improve the water quality in the southern bay of the western lake, although a deterioration in water quality was observed in the scenarios of impeding main rivers besides Baidang River (S11, S12).
Compared with the three kinds of measures, external loads reduction is the optimal measure to improve the water quality of Lake Yangchenghu; the second one is water transfer at the rate of 40 m 3 s −1 . The alleviation of eutrophication in this lake requires balancing these two approaches appropriately. However, narrowing the main inflow tributaries could not be developed to decrease the TN and TP concentrations in the drinking water source areas. It is noteworthy that it would be better to calculate and compare the environmental benefits between different scenarios regarding the costs when making restoration measures. However, there have uncertainties and big differences in the costs for each restoration measure. The factors including the amounts of diverted water and electricity consumption, the size of constructed channel for water transfer, and the labors fee, have an essential influence on the total costs during the water transfer implementation. Moreover, for the loads reduction, the costs for removing nitrogen and phosphorus are different because the technologies for wastewater treatment to reduce nitrogen versus phosphorus differ markedly. Therefore, due to the spatio-temporal nitrogen and phosphorus concentration changes in the inflowing rivers, the costs for removing both N and P are difficult to calculate.
Possibities and Limitations of Using the EcoTaihu Model
There are some advantages in applying the EcoTaihu model in this study. First, the EcoTaihu model successfully coupled hydrodynamic processes, nutrient transformation, and food chain networks together. It would be more accurate to calculate the concentrations of water quality parameters and biomass of phytoplankton in short and long term because of the better-defined mechanisms and components of the lake ecosystem. Second, the EcoTaihu model is a 3-D model: it uses a vertical sigma coordinate with evenly distributed five vertical layers, which is better to simulate the bottom topography. Also, it allows us to investigate the spatial water quality responses to different management measures. Third, the EcoTaihu model is applicable to other lakes in the subtropical zone. Till now, the EcoTaihu model has successfully been used in Lake Taihu [47, 48] , Lake Yangchenghu (present study), etc. The model calibration results suggest that the EcoTaihu model is applicable for these lakes and is reliable for further application.
Nevertheless, there are still some limitations in the application of this model. For instance, the sediment submodule of the EcoTaihu model is imperfect. It considers a 10-cm depth of surface sediments as a whole, and omits vertical molecular diffusion, adsorption and desorption processes, and more. Consequently, it is inaccurate for the calculation of internal loading. In addition, EcoTaihu model does not include benthic organisms. The benthic organisms are an important food chain level in the shallow lake ecosystem, because some benthic fauna could filter-feed the suspended matter and influence the exchange of nutrient between sediment and lake water [68] . Therefore, excluding the benthic processes also affects the water quality, especially in deep lake water. Furthermore, as a coupled ecological modeling, there are inevitably some uncertainties from the measured data, such as the inflow rates and outflow rates, meteorological data, and nutrient concentrations for the initial values of the model running and model calibration. In the future, the EcoTaihu model would need to be developed through the optimization of the sediment submodule and the incorporation of the benthic food chain.
Summary and Conclusions
The simulated results showed that a 50% loads reduction (S5) was the most effective scenario, with around 42% TN, 46% TP, and 41% BP water quality improvement in the whole lake. Approximately 72% and 53% reductions of TN and TP loads from the influent rivers would be necessary in order to improve the water level to Grade III in Lake Yangchenghu. Water diversion of 40 m 3 s −1 in winter-spring (S6) could improve TN and BP by 16% and 5%, respectively. Water diversion of 40 m 3 s −1 in autumn-winter (S8) would improve TP by 16%. Proper timing of water transfer should be determined based on the target water quality variable. Narrowing the western inflows would not improve the water quality in the drinking water source areas. Funding: This research was funded by the Natural Science Foundation of Jiangsu Province (BK20151064) and the Environmental Protection Bureau of Suzhou (SZLHZ2014-G-003).
